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ABSTRACT 


The present work is concerned with the forces 
with which a liquid acts on the wessel bottom when a 
propeller agitator is used for mixing. Prom the experi- 
mentally observed distribution of dynamic pressure over 
the vessel bottom it is possible to estimate the axial 
component of the force by surface integral of such 
experimentally determined local axial pressures over the 
vessel bottom by using the concept of a free liquid 3et 
striking a flat plate. The rate of change of axial 
momentum would give the axial thrust. The axial force 
could also be directly determined by weighing the vessel 
with the mixed charge. From the results of these measure- 
ments as functions of property and geometry of the system 
the character and trends of the convective flow of the 
mixed liquid at the vessel bottom has been interpreted. 

The amount of liquid striking the vessel bottom is compared 
with the pumping capacity of the agitator used. Empirical 
relations have been developed to incorporate the effects 
of geometry of the system and Reynolds number. 



CHAPTER 1 


INTRODUCTION 

The flow pattern produced within a fluid medium 
stirred by an impeller in a tank depends on the type of 
impeller being used. Mixers or impellers generate in the 
fluid axial flow, radial flow or a flow with mixed character- 
istics. Marine propeller are known to have axial mixer 
character. A rotating propeller agitating a fluid in a tank 
can be considered to be a circular origin, from which a free 
jet originates and issues forth. The free oet on its traverse . 
IS converted into a wall 3 et when the streaming liquid turns 
its direction and tends to flow along the tank bottom before 
finally turning again to flow up along the tank walls. The 
interaction between the oncoming free jet while it takes a 
comnlete turn, produces an axial force field. The determination 
of axial force component on the tank bottom is relatively easy 
and canbe made without interfering in the system. Such results 
can be related to the power input of the mixer, pumping 
capacity or to the total flow of the mixed liquid. 



CHAPT^ 2 
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Theoretical [l] and experimental studies [2-4] so far, 
have "been made for the tangential force component (to be 
exact; for its moment) by which the mixed charge acts on the 
vessel or mixer. Other force components of the mixed liquid 
acting on the vessel have almost not yet been studied despite 
the fact that especially the axial force component , which can be 
easily measured, provides valuable information on the flow, 

Hixson and Baum [5] have reported the existence of axial force 
component with inclined blade mixers. Hruby and Zaloudik [6] 
employing axial mixers like marine propellers and inclined blade 
agitators made systema.tic measurements on axial thrusts. They 
used the weighing of the mixed charge with different geometrical 
and physical properties of the mixed system. Qjtlindrical 
vessels with four radial baffles were always used. They 
correlated the results in terms of dimensionless groups, obtained 
from dimensional analysis, in the form. 


P 


E = 
u 


ax 


f nM 




where F = axial force on the vessel bottom 

ciX 

n = RPM of the rotating impeller 


d = diameter of the impeller 
density of the liquid 



3 


|i = VI SCO SI cy of the liquid 




nd‘ 




(Re 5 'nolds number) 


They found, the dimensionless quantity practically 

indeoendent of the Reynolds number for Re .0 X 10^ and 

. 4 

decreasing vith tlio dccre'^se of Reynolds number for Rc ^ 1,0x10 , 
Further thev found this quantity dependent on the mixer type and 
on the rotor distance from the vessel bottom, however, they 
found it relatively independent of the relative dimensions of 
the mixer. Fort and Tomes [ 7 ] described a method for tneasuring 
the distribution of axial dynamic pressure over the flat bottom 
of a cylindrical baffled mixing vessel with a marine propeller. 

By anp lying the momentum theorem to a free jet stritking a 
solid plane wall, the experimental results were interpreted 
so that a picture of uh® flow at the vessel bottom was obtained. 
The liquid pressure on the bottom can bd^ised as a basis for 
the determination of the axial component of the forces created 
by the agitator. The amount of liquid striking the vessel bottom 

t 

was compared with the pomprng capacity of the agitator used 
and a model of the convective flow in the space below the 
agitator was pre seated. Later Fort, Eslamy and Kosina [8] 
extended the work to present rather a comprehensive study of 
the mixing studies by Fort and .Tomes. They estimated the 
axial component of the force by the surface integral of experi- 
mentally determined local axial pressures over the vessel bottom 
and also directly by weighing the vessel with the mixed charge. 
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The results were correlated between axial flow and intensity 
of convective flow of the mixed charge. 

The basic purnose of the present work is to study 
more on the convective flow character of the liquid at the 
tank bottom- The ensuring interpretation, it is hoped would 
throw more lignt on this topic, besides confirming the 
findings of the earlier workers. This would include the 
induced flow behaviour at the bottom in presence of a draft 
tube. Thus, following the technique proposed by Fort and 
Tomes the present work was concerned with the measurement of 
forces with which the stirred liquid acts on the vessel bottom 
when a propeller agitator is used for mixing. From the experi- 
mentally determined distribution of dynamic pressures over the 
vessel bottom, it is anticipated that by using the concept of 
a free liquid jet striking a flat plate, the volumetric flow 
rote of the liquid at the vessel bottom may dp calculated. 

This value may then quantitatively be compared with the pumping 
capacity of the agitator or the volumetric flow rate along the 
tank wa.lls. 



CHAPTER 3 


UHDEREYIFG PRINCIPLES 

3 . 1 Convective Flow Cliaracter at the Yessol Bottom : 

A typical flow pattern, generated in a fluid medium 
being stirred by a symmetrically placed propeller in a 
cylindrical vessel with, a flat bottom and three radial baffles 
IS shown in Figure 1 and the corresponding typical profile of 
axial -pressure along a radius for a particular geometrical 
arrangement of the system is shown in Figure 2. Each curve 
in Figure 2 corresponds to a certain rotational speed of the 
mixer. The curves with successively larger differences between 
their maximum and minimum points corresponds to successively 
higher rotational speeds. The Figure 2 indicates how the 
liquid flows near the bottom. The points A, B and C of the 
radial profiles apparently indicate sudden changes in the 
flow direction. The area of the vessel bottom can therefore 
be divided into four regions differing in direction of flow 
above them. The first region is bo-unded by a circle about the 
bottom axis, whose radius equals the distance of point G from 
the axis. The angle with which th'^ stream approaches the bottom 
vanes over this region and can be determined, for example, 
by following the traces of fine particles of aluminium. 

The outer periphery of the second region is represented on 
the radial pressure profile by the point A, From the ' 




D 


Fig 1 -Flow pattern in a baffled, propeller agitated tank 



Wall of vessel 


1000 
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experimental results it follows '.that the distance of point A 
from the centre does not vary with the orientation of the 
r-adius along which the pressure profile is measured. The 
second region, therefore, has the form of an annulus, at the 
outer periphery of which the change in the direction of the 
stream is just completed - all its particles now move in 
parallel with the vessel bottom. The angle of approach can be 
taken' with sufficient accuracy as constant over this region, 
which follows from the fact that the distance of the points 
A and C from the vessel axis is directly proportional to the 
distance between the centre of the agitator and the bottom of 
the vessel. 

The inner boundary of the third region is formed by 
a circle of a radius equal to the distance of point A from 
the vessel axis, and its outer boundary is the closed curve 
on which the points B are located. Since it was found that the 
pressure is negative over this region, a fact which can only 
be explained by flow along the vessel bottom, it can be assumed 
that the flow over this region is in parallel with the bottom 
of the vessel. 

The border lines of the fourth region are the above 
mentioned closed curve formed by the inner periphery of the. 
vessel and the baffle edges located on it, over this region, 
the stream turns upwards along the vessel wall. This change 
of direction by practically 90° produces over this region of 
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the vessel bottom a reaction which ideally, ■ should be equal 
to the action of the given volume of liquid flowing towards 
the bottom over the, first and second regions. Actually, 
however, considerable friction losses occur as the liquid 
flows along the bottom, and the force effect of this second 
turning of the stream will be less than that of the first 
turning under the mixer. 

3.2 Forces in Stirred Tank by Axially Placed Propeller : 

Figure 3 represents a simplified picture of the flow 
pattern generated in a fluid medium in a cylindrical vessel 
and the regions where different forces act. If the weight 
of the mixing vessel and change is considered to be the 
reference force, then the vertical force components acting on 
the vessel can be expressed as follows: In Figure 3, force F^ 
originates when the fluid jet streaming downward from the mixer- 
rotor deviates from its direction and flows along the vessel 
bottom. Force F^ appears in the region where the liquid 
flowing along the vessel bottom changes its direction and 
starts flowing upward the cylindrical vessel walls-. Both 
forces are given by the impulse, theorem for the free liquid 
jet by the change of the vertical momentum component occurring 
in the region, of the direction - change with time. F^ is the 
force of pressure on the vessel area considered. If we imagine 
that the liquid stream flowing in this region horizontally in 
a radial direction is the one which also produces forces F^ and 



F4 H 


3 -Action of axial force component for mixing with an 

axial mixer, axiall located in cylindrical vessel 
with radial baffles. 


4 -Convective flow at vessel bottom; propeller mixer 
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, it can bf=' assnncd - by the Bernoulli Equation (9) that 
bht force is oroportionol to the sqaarod volumetric flow 
rate ff the liquid in the stream mentioned. Porcc originates 
from internal friction in the liquid, espoci?i.lly , in the 
boundary layer at the vessel walls and at the baffles. 


5 • '5 P olune of the Liquid Transported by tnc Propeller to the 
Botropi of the Vessel ; 

Por calculating the volume of liquid transported by 
tVi: i^rop'^ller to the bottom of the vessel, the exnression for 
a fr-^e oet of liquid stritfcing <a flat plate obliquely under a 
constant angle of apn roach can be used. Figure 4 represents a 
simplified descrip cion of stirred liquid as compared to Figure 3. 
In it, the angle of approach a is taken constmt throughout 
the region I and II. Although a varies in rci^ion I, yet it is 
ta'-.cc consiant at v- luo corresponding to region II because the 
arfa of region I is about 10 per cent that of region II and 
th'^rc'fore variation effects in region I can ba ignored. 

Tho axial component of the force wibn whicn the stream 
■’cts on tho vessel bottom over the I and J] region is equal to 
th'^ axial comoonent of the change in the mom^intum of the stream 
between the section I and II (Figure 4) assuming th^'t between 
the two sections no external forces act on the stream 


^1 '^bt ax ~ ^II ax^ 


( 1 ) 


wn-'ro 


F^ = axial force caused by tho first liquid turn 
on the vessel bottom 
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= mass flow rate at vessel bottom 
V, = mean axial velocity of liquid at section I 


V 


II ax 


mean axial velocity of liquid at section II 


since v-r ^ = v^ Sin a 

X dX X 


( 2 ) 


wh. 


jre Vj = mean velocity of liquid at section I 


and 


^II ax " ° 


(5) 


Now substituting the values of v and v^-t in equation 1, 

X 9.x X X clX 

we get 


p = rn. Y Sm ot 

I bt I 


m, , = V, , 
bt / bt 


1 


(4) 

(5) 


whore is ulip flow rate of stream striking the vessel 


1 


botto’*' and i" is the density of the liquid, 
so equation (4) can bo written as 


P, = V, , V-, Sin a 

1 y bt^ 1 


(6) 


On denoting the outer diameter of the second region by 
d^ (figure 3) twice the distance of point A from the axis of 
the vessel, then the cross sectional area of the stream at the 
section I will be 




(7) 


bo 


The volumetric flow rate along the axis of vessel will 


"^bt^ ■^l ^I ax 


( 8 ) 
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On suDstituting the values of A, and from Equations (7) 

and (2) res'nectivpl;^, jwe get 


= f ''ll'' n “ ^5) 

Eow substituting the value of v^ Sin a from Equations (9) to 
Equation (6), we got 


=f\t ^ 


4 Vbti 


1 


%{ 


+ ^ 2 


or 


V — 


SxXlf P 

4 f* I 


( 10 ) 

( 11 ) 


Ej in above equation ca.n be calculated from the 
distribution of axial pressures by granhical integration over 
a circle of diameter d'^. 


V. 


bt 


or 


4 t' 


1 


+ \ 2 


7r(d];) 


( 12 ) 


rate 
f ore p 


A similar rclo.tion can be written for the liquid flow 

7", . which turns upwards ^t the vessel wall and for the 
bt^ 

5 

acting on the vessel bottom 


where E^ 
5 



E^ = 4P [D^-^d^)^] (13) 

= axial force caused by the second liquid turn at the 
vessel bottom. 

= volumetric flow rate in region of the second liquid 
turn at the vessel bottom and the wall 
= diamotor of a circle, at which the second turn 
of the liquid at the vessel bottom begins. 
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The volumetric flow rate at the vessel hottom 

end can he expressed by the use of the dimensionless 

3 

group and resoectively. The and are 

1 ^3 ^1 ^3 

defined as 

V. 


and 

where 


bt- 


K. 


bt 


1 


nd ' 


¥. 


bt- 


K 


_ 

^"^3 nd ^ 
n IS rotational speed of the propeller 


( 14 ) 

( 15 ) 


d IS diameter of the prooeller 


3 . 4 Dimensional Analysis 

The behaviour of a liquid being agitated by a propeller 
or turbine in a tank with a free liquid surface is very 
complicated and cannot be predicted by an analytical solution 
of the equations of motion. technique of dimensional 

analysis is therefore useful and we novr apply it to our system 
as follows: 

F,, =f(P, n?al dS, hb (16) 

where = axial force acting on the vessel bottom 

p = density of the solution 
n = rotationa.1 speed of propeller 
d = diameter of propeller 
D = dismefccr of vessel 
p = viscosit57- of the solution 

h = distance of the centre of the mixer from the 


vessel bottom. 



Ii 0 ¥ writing Equation (l6) in toms of throo fundamental 
dimensions, we get 


{ &) = ( 5 ) ( i )« (L)®(L)® (-2;^)^ (I)'^ 


(17) 


The exponents on each varnhle must be such that the 
group IS dimensionless, so this requires that the following 
equations be satisfied; 


Eor [M] 
for j^L] 
Eor [T] 


1 = P + U 


1=-3P + R+ S-U + V 


-2 = -Q - U 


(18) 

(19) 

( 20 ) 


Now writiiig P,Q,R in terms of S,U,V from the Equations 


(18-20), we get 


P = 1 - U 


= 2 - TJ 


R = 4_s_V-2U 


( 21 ) 

( 22 ) 

(23) 


Now substituting tno exponents values in Equation (l6) from 

equations (21, 22, and 25), wo get 

(1-U) (2-U) (4-S-V-2U) „ tt V 


F = P n 
a i 


T^S u , V 
D p h 


^a = r 


n^ n-U d^ ^-S-Y-2U 


^^nd^N"^ ,d^-S-V /h^V 


P n= d^' 


■) (^)' 


(24) 


(25) 


Now lot -U = a (-S-7) = b and V = c wo get 


a _ / ■l-a-d^ /d\b /ll've 

fn^d^ = ^ p ^ 


( 26 ) 
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Bq.uation (26) expresses the dimensionless group on 
the left hand side os function of throe dimensionless groups 

Knd^/p, d/D and h/D. The dimensionless group 'E^/^ is 

celled Eulers number axjd ^nd^/p, is called Reynolds nutober. 

So Equation (^6) can also be written as 

= f[(Ref (d/D)^ (h/D)°] (2?) 



CHAPTER 4- 


EXPERIMEETAL EQUIPMENT 

The experimental set-up needed for the measurement 
of axial forces acting on the vessel bottom as the result 
of nixing by rotating a marine propeller is quite simple. 

A typical stirred tank configuration is shown in Eigure 5. It 
consists of e cylindrical glass vessel with a flat bottom 
made of perspex. A corning glass beaker was taken of which 
base was removed, and this glass pipo was then inserted in 
the norspox nlate by providing a grove in it. The grnve width 
was kCTot slightly more than the thickness of glass pipe and 
the depth of the grove was half the thickness of the perspex 
plate, Aralditc was used for fixing the glass pipe in perspex 
plete. Three perspex slobs were made and appropriately fixed 
at the bottom to act as support. 

A specified number of holes were provided in the plate 
in order to insert pressure taps. Thu length of the pressure 
taps were in range of 1.5 to 2.0 cm. These holes were on one 
straight lino which start from the centre to the wall of the 
vessel. A diagram of those holes are shown in Eigure 5. 

The stirrer shaft was made of 3. S. and the length of 
shaft was kept more tha.n the height of the vessel. The stirrer 
shaft was prooerly connected to the motor by providing a 
hole slightly greater than the diane'cer of tne shaft of the 
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motor. Two threaded holes were provided at the stirrer sheft 
top through which screws were attached to hold the motor shaft. 
The other end of the stirrer shaft was made conical in order 
to locate the centre of the vessel by coinciding the tip of 
the stirrer shaft to the centre of the vessel. The motor used 
was 1/15 h.p. D.G. with a speed regul'^tor. The motor was 
mounted over a drill machine stand. The height of the propeller 
from the base of the vessel was chenged with the help of the 
drill machine stand. The agitator used was a three blade 
propeller with a constant pitch. The vessel was provided with 
three radial baffles whose width was equal to 0.12D, where D 
IS tho internal diameter of the vessel. The baffles wore 
made of stainless steel. 

The pressure taps were connected to manometer limbs 
by a good quality of rubber tubings. The manometer tubes were 
of 12 nm intornal diameter and one end of all the tubes were 
tampered so that the rubber tubings could be inserted in them. 
The number of mp nometer tubes were equol to the number of 
pressure taps provided in thevesscl. nil manometer tubes 
were fixed vertically on a wooden boird. 

Capillaries were inserted in the rubber tubings between 
tho pressure taps and the manometer tubes in order to eliminate 
oscillations of the surface in the manometric tubes. On 
doing so oscillations did not die oub for tho homogeneous 
solutions of which viscosity is less i.e. upto 25 c.p. and for 
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higher viscosities these capillaries work very well. In order 
to dprip out me fluctU'"'tions for lower viscosity solutions, coils 
of 5.00 nm. I.D, tube were inserted in place of capillaries. 

The general form of the vessel botton was not disturbed by the 
nressure tons. 

The cylindric-^l vessel was filled with a honogeneous 
liquid upto the height H which is cqurl to the vessel diometer D 
with the nixor at rest. The mixer was always placed at the 
vessel centre and wns rotated in such o direction as to oake the 
liquid flow towards the vessel bottou. The above experimental 
set-up IS used for -^ensuring the pressure at different points on 
the base of vessel along a stra.ight line which starts from the 
centre and ends at the wall of the vessel. 

The other way of conducting the same experiment was by 
compensation method - i.o. by measuring the ch"inge of the 
system weight at steady rotation of the nixor and when at rest, 
how far measuring the change of tho system weight, an ordinary 
two pan bailamce was used. On one side of the ba^lance, vessel 
was placed the centre of which was kopt in lino with the stirror 
centre line and on the other side of tho balance weights were 
kept to bring the balance at null. A locking device was used 
in the rubber tubings when the componsotion method was used. 

On providing' locks to all tubings, the liquid does not fluctu'^tc 
in the rianomctor limbs when the stirror is rotated. 
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In 0 fow expcrincnts draft tube was also used. The 
draft tube was nadp by cutting a glass pipe of dianeter 11.50 
cn and length. 10.50 cn. The baffles were fitted in the tank, 
which were not inside the draft tube. Small projections in 
■^ll the baffles were provided so that draft tube could be 
supported in the vessel. The height of the draft tube from 
the base of vessel was changed by changing the height of 
projections in all the three baffles.^ 



CHiiPTER 5 


EXP ERIMEKTi^L PROGEDIIR E 


5.1 Axial Component of the Force Determined by Local AxxpI 
Pressure ; 

The force by which the strean rets on the botton of 
tho vessel wis determined by measuring the distribution of 
nxial pressures over the bottorx. Since the egitated system 
IS symetrical about three planes, ncasureinonts were made only 
over one third of tho area of the vessel bottom. The axial 
pressures acting on the vessel botton were measured with 
nanometer in which the mean change in the liquid level was 
determined by nafked eye. The hydrostatic pressure on the 
vessel bottom was taken as tho reference value. 

Pirst of all, tho vessel was olaced at the drill machine 
stond plate-form. The centre line of vessel was brought in 
line with the motor centre line. The liquid then filled in the 
vessel, which rises in the nanometer limbs through the rubber 
tubings. The height of the liquid in the vessel was kept equal 
to the vessel diameter. The height of liquid in oil the 
nanometer limbs does not renain same because of few air bubbles 
in the rubber tubings. So it is adviscable to make sure th'^t 
air bubbles arc not trapped in rubber tubings. One way of 
removing air bubbles is to apply pressure on the open side of 
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mi-noncter till the mpnonetor and rubber tube become enfty 
end liquid gets in the vessel. After this, remove the pressure 
from the onen side of nanometer and let the liquid come inside 
the manometer limb. The same procedxire was carried out for 
all manometer tubes. The other way is to lift the vessel 
up to the extent it is possible. On doing so air bubbles come 
up and pass through the open side. The earlier method is quite 
good and makes 100 per cent sure about the entrapment of air 
bubbles. 

When it IS made sure that the vessel centre a.nd the 
shaft centre are in line and tnere are no air bubbles, cxpori- 
nent canbe started. DOvtam line is drawn on the rsfanonoter board 
when the stirrer is kept at rest. The propeller was rotated 
in such a direction th^it the liquid flows to the vessel bottom. 
The readings in the nanometer tubes wore taken at different 
speeds within the range of 400 rpm to 1400 rpn by keeping the 

height of the propeller constant from the base of vessel. The 

speed of the motor was measured by strobotac. After this the 
height of the propeller from the base of the vessel was changed 

and again readings were t‘'ken at different speeds. The naximum 

speed of mixer is such which does not ereate too much of 
turbulf-^nce at the surface of liquid in the vessel. After this, 
the propeller was replaced by other propeller and agoin same 
procedure was repeated at different speeds and at different 
heig.its of propeller from the base of vessel. The same procedure 
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was repeated with, different liquids and goonotnes.as specified 
ir the oxneriiecntal program. 

5 • 2 Axial Oomnonent of the Force Determined by Weighing ; 

The other way of carrying out the same experiment was 
by compensation method. In this method, first the balance was 
brought at null position. Here also propeller was placed in 
the centre line of the vessel. The vessel was filled with 
one of the liquids and the propeller was rotated in such 
direction th^’t the flow was towards the bottom. On doing so, 
the weight of the vessel increased. This increase in weight 
was balanced by keeping the extra weiglits on the balance. These 
readings were taken at different speeds and at different heights 
of the propoller from the vessel bottom. At higher speeds 
i.e. at turbulent range too much of fluctuations occur in the 
balance. In this case different liquids and geometries were 
used as referred in the experimental progra.m. 

5 . 3 Axial Component of the Force Dexermined by Weighing Using 
Draft Tube ; 

When the direction of the motor was reversed, the flow 
of liquid in the vessel reversed and moved towards the surface 
of liquid 1 . 0 , upwards as shown in figure 6. 

On rotating the mixer in anticlockwise direction, the 
weight of the vessel decreased and in order to bring tho 
balance in null position, the weights were kept on the vessel 



3 6(b)- Flow pattern of fluid when propeller running 
in anticlockwise direction 
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side. For tills esse also readings were taken at different 
sneeds and at different heights of the propeller from the 
base of the vessel. It may be noted that for bigger vessel 
direct weighing could not be done due to practical difficulties. 

The vessel was kept on the balance and the axis of 
vessel was brought in line with the axis of motor shaft. The 
draft tube was also fitted at some height from the base of the 
vessel. The height of the propeller from the base of the vessel 
was maintained constant. The incroaso and decrease in the weight 
by rotatingtie propeller clockwise and anticlockwise respectively 
was found out at different speeds. Now keeping the height of 
the draft tube same as it was earlier, the height of propeller 
from base of vessel was changed and at different heights of 
propeller sa.mo readings were taken as mentioned above. Now 
the height of the draft tube from vessel bottom was increased, 
and again readings were taken at different heights of the 
propeller from the base of the vessel at different speeds of 
propeller. 

The accuracy and reproducibility of axial pressure and 
weighing measurements by the above described procedure is 
mainly influenced by the following factors; 

1. The eccentricity of the mixer with respect to 
the vessel axis 

2. The accuracy with which the mixer is placed at 
the desired height above the bottom of the vessel. 
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3. Tbo constancy of tiie rotational sp®ed of the 
mixer and the temperature of the liquid. 

4. The oscillations of the liquid level in the 
ma.nometric tubes. 

5. Sensitivity of the balance used and the weights 
of the weighing box. 

'//ith a view to the required accuracy of the results, 
it vjas necessa.ry to repeat measurements at least for 4 times 
and then their arithmetic mean was taken as the value for the 
given conditions. 

The independent variables in these experiments were; 

1. The rotational speed n of the mixer 

2. The kinematic viscosity p/j^ of the liquid 

3. The diametf=r d of the propeller 

4. The diameter D of the vessel, and 

5- The height of the propeller h abovr the bottom of 
tho vessel. 

The dependent variable was the mean value of the local 
axial pressure. The independent variables wore in our 
measurements subjected to practically negligible error as 
compared to tho error with which the dependent variable was 
measured. Thu independent quantities in both experimental 
series were the rotational speed of the mixer n, kinematic 
viscosity p/p of the liquid, mixer di ■'meter d, distance of the 
mixer from the vessel bottom h, the vessel diameter and the 
height of the draft tube from the vessel bottom h^. 



CHAPTER 6 


EXPERIMENTAL PR0CR->-R'::T 

The expeririental programme ma.inly deals as mentioned 
earlier, in correlating the Euler's number (E^) and Reynolds 
number (Re) against various system variables. The basic 
data involves the pressure measurement at different points on 
the bottom of the vessel against various parameters. Tne 
effects of the following system variables or parameters on 
Eulers nuriber (E^) were sxudied: 

1. n, bhc rotational speed of the propeller in rpm 
whenmmersed in the liquid. It varies from 90 rpm 
to 1700 rpm. 

2.d, the diameter of the propeller. Two propellers 
were used of diameters 6.00 cm and 7.9 cm. 

3. D, the diameter of the t^nk. Two tanks were used 
of diameters 16.2 cm and 21.5 cm. 

4. h, the height of the propeller from the base of the 
vessel. The heights used in smaller vessel (D=l6.2cm) 
were 1.0, 3.0, 5.0 and 7.0 cm and the heights used 

in bigger vessel (D=21.5 cm) were 1.0, 3.0, 5.0, 7.0, 9.0 
and 13.0 cm. 

5. h^, the height of the draft tube from the base of 
the vessel. The diameter of which was 11.50 cm and 
tho length was 10.50 cm. The heights used were 1.0, 

2. 9j 4.1 and 5.3 cm. 
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6. xi, the liquid depth in the tank. The depth was 
always made equal to the vessel diameter. 

7. i/D, the ratio of the diameter of the propeller 
to the dip'^eter of the vessel. 

8. h/D, the ra.tio of the height of the propeller from 
the base of the vessel to the vessel diameter. 

The exnerimortal study was i-’ade on the following 


systems; 


1* Distilled water ; (i) Viscosity 0.9820 cp 

(ii) Density 1.0000 gms/cc 
(ill) Room temperature 



(i) 

Viscosity 5.4375 cp 


(ii) 

Density 1.1463 gms/cc 


(ill) 

Room tomperoture 

3. 60 ner cent 

Aq ae ous 

Glycerol: 


(i) 

Viscosity 22.1053 cp 


(ii) 

Density 1.1933 gms/cc 


(ill) 

Room temperature 

4. Mustard Oil: 

(i) 

Viscosity 62.8968 cp 


(ii) 

Density 0.9191 gms/c 


(ill) 

Room temperature 
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Details of Figures ; 
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CHAPTER 7 


AMLYSIS OP DATA 

7 • 1 Calculation of Eulf-rs Hmaber by Pressure Profile ; 

In the experimental set-up four different solution: 
distilled water, 50 per cunt aqueous glycerol, 60 per cent 
aqueous glycerol and mustard oil were used. In all the cases 
Eulers number was calculated at different heights of the 
propeller from the base of the vessel (h=1.0, 3.0, 5.0 and 
7.0 cm) and at different speeds of propeller. The calculation 
procedure for the Euler's number is same for all the cases, 
let us consider distilled water for the calculation of Eulers 
number: 

The details of the experiments,! conditions aro as 
follows: 


1. liquid used 

Distilled water 

2. Diameter of vessel D 

16.2 cm 

3. Diameter of propeller d 

6.00 cm 

4. Height of propeller from 
the base of the vessel, n 

1.0 cm 

5. Heigut of liquid in the 
vessel, H 

16,2 cm 

6. Propeller speed range^ n 

650 rpm to 1500 rpm 

7. Density of liquid_, f 

1.000 gms/cc 

8. Viscosity of liquid, p. 

0.9820 cp 


The data observed on running the experiment in above 
conditions aro shown in Appendix II (Run l) . Prom this i.e. 
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run 1, dyna^nic pressures at 13 different points along a radius 
can be found out, 

7 . 2 Conversion of Pressure from 'em of water* to Hewtons/m^ ; 

1 atm =33.93 ft of water (28) 

or 33.93 x 12 x 2.54 cm of water = 1034.1864 cm of water 

= 1 atm 

or 1 cm of water = 1/1054.1864 atm (29) 

1 atm = 1.0133 x 10^ kg-m/sec^ or Newtons/m^ 

1 cm of water = p Q ^ | ^ I 8 I 4 
or 1 cm of water = 97.9170 kewtons/m^ 

First of all the pressure which is in cm of water, is 
converted into Fewtons/m^ by multiplying it by 97.9170. After 
this, curves are plotted between pressure which is in F/m^ as 
ordinate versus radius which is in cm as absisca taking speed 
of the proncller as parameter. The curves thus drawn are shown 
in Figure 2. Dista.nce of point A from the centre line of the 
vessel corresponds to d^/2 and distaxice of point B from the 
centre line of vessel gives Thus we get the values of 

“4“ Hr* 

and d^. From Figure 2 wo get d^ = 8,06 cm and d2=l3.52 cm. 
After this, curves were plotted between the pressure 
in versus cross sectional area which is in m^ corresponding 

to different tap positions in the v^-ssel taking speed of the 

" 

Bird, R.B., Stewart, ¥.B. , and Iightfoot, E.F., ’Transport 
Phenomena’ p. 750. 
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propell'-r as Darameter. These curves thus drawn are shown 
in Figure 7. 

Radius (meter) Gross-sectiona.! area 

(meter) ^ 


0 



0 



0. 65x10“^ 

1.3267 

X 

10""^ 

1,30 

X 

10“2 

5.3066 

X 

10“^ 

1.95 

z 

10" 2 

11.9399 

X 

10 “^ 

2. 60 

z 

10"2 

21.2264 

X 

10"^ 

3.25 

z 

2 

10" 

33.1663 

X 

10-4 

3.90 

z 

10"2 

47.7594 

X 

10-4 

4.55 

X 

10"2 

65.0059 

X 

10-4 

5.20 

X 

10"2 

84.9056 

X 

10-4 

5.85 

X 

10"2 

107.4587 

X 

10-4 

6.56 

z 

10-2 

132.6650 

X 

10-4 

7.15 

z 

10"2 

160.5247 

X 

10~4 

7.80 X 10“^ 

191.0376 

z 

10-4 


In Figure 7, the area of the part of the curve between 
point A and the axis of the vessel gives the value of force F^ 
and the area between points A and 0 gives the force F 2 and the 
area between the point B and the wall of the vessel gives the 
force F^. The magnitude of the force F^ was considered 
negligible. Thus the total axial force at the bottom of tho 
vessel becomes 


'ax = Pi - Pg + P 3 


(30) 
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Thus the area of each curve, which corresponds to a 
particular speed was found out. This clx* ea gives the value 
of total axial force acting on the vessel hottom. The magnitude 
of forces P^ and P^^ at different speeds are shown 

in Table 1, Appendix VI. 


a.nd 


P, 


E = 
u 


ax 




(see 3.' 


Pe = 




nd' 




(see 3.4) 


(31) 

(32) 


where P^^ = total axial force acting at the bottom of 

vessel 

p = density of solution 
n = rotational sneed of the propeller 
d = diameter of the propeller 
\x = viscosity of the ?>olution 
Por n=1500 rpm 

Fax= 3.5190 kg-m/sec^ (See Table l) Appendix VI 

U = 1.0000 gms/cc 

} 

d = 6.0000 cm 


E = 
u 


p = 0.9840 cp or gm/cm ooc 

3.5190 X ^ X — 3 = min^ X 

soc" ^ (1500)2 


1 


X 10' 


(6.0)^cin'^ ^ 


gms 


60x60 s ec 2 100 on 

min^ 1 m 


E„ - 0,4548 


u 
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CorresTDonding Reynolds mxmber 


Re 


1-^ ^ 1500 1_ ^ 

cn min 


(6.0)^cm^ 


^ 1 cm see 

0.984 gm 


1 min 
60 sec 


Re = 9.1200 X 10^ 

In the same way Eulers number and Reynolds number can 
be calculated at different speeds of propeller. The values arc 
shown in Table 1, Appendix VI. 


7.3 Calculation of and : 

1 ^3 

V. 


bt, 

1 

^^1 nd^ 


ind 


\t3= 


(14) 

(15) 


For 

required is 

13 , we get 


calculating and , 

1 ^3 

to calculate V. 


bt 


end 7. 


1 


bt^ 


thf= fijcst thing 
From equations 12 and 


7. 


F X Tc X (d ) ^ 1 

= aJL 1 IT 

t A r\ -1 


bt^ ^ 


F„x TC X (D^-(d^) ^) 1 

Y _ r _3 2 IT 

bt^" L 4^^ J 


(33) 

(34) 


“f -h 

The vf lues of d^ , d^ , D, F^ and are given m 
Table 1 Appendix 71 '^t all speeds. From Table 1 Appendix 71 
abov? values at 1500 rpn are: 

= 8.06 X 10~^ m 
d2 = 13.52 X 10^^ m 
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So 


and 


D = 16. ?0 z 10“^ m 
= 3. 5345 N/m'' 

= 1.0955 N/m^ 

^ = 1.0000 gns/cc or 1000 Egs/m^ 

_ r 3>5345. X Tt X 8.06 x 8.06 x 10~^ ni . 

- L 4^n0O0 J =4.2466 x 10 m 

r l.0955 X Ti X (l6.20)^-(l3.52)^)xl0~^ n4- 
Tot^ L 4 X 1000 

= 2.6178 X 10~^ m^/sec 


Now substituting the values of and in 

1 ^3 


equations 33 and 34, we get 
^t-, ~ 


’nd 


4.2466 X lO**^ x min ^ ^^6 cm^ ^ 60 sec 
1 1500 X (6.0)^ Sec x cm^ 


K. 


bt. 


= 4.2466 X 10 ^ X 10^ X 60 ^ 0.7864 


1500 X (6.0)^ 

2.6178 X 10“^ X 10^ X 60 


TT — c. • uo, I oj jL v^ ^ 

^^3 1500 X (6.0)^ 


0.4848 


Simil'irly and values carbo calculated at 

^1 ^3 

different speeds of the propeller. The calculated values at 


ill speeds of the nropellor are shown in Table 1 Appendix VI. 


7 . 4 Calculation of Eulers Number by Weighing ; 

The Eulers nunber calculation becomes easier by 
weighing procedure because the increase in the weight of the 
System due to stirring, gives directly the total axial force 


/ see 
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in torras of Eg-mass. By nulfiplying the weight by acceleration 
due to gravity, we got axial force in terns of Hewtons/m^ or 
Kg-ri/ sec ^ . 

The change in the weight of the system on rotating 
the propeller in clockwise direction, at different speeds and 
at different heights of propeller fron the base of the vessel, 
IS giviTi in Appendix II Run 17. Now consider the calculation 
of Eulers nur ber under the following conditions; 


1. 

Liquid used 

Distilled water 

2. 

Diameter of vessel, D 

16 . 20 cm 

3. 

Diii'ieter of Propeller, d 

6 . 00 cm 

4. 

Height of propeller from 
the base of the vessel, h 

1.00 cm 

5. 

Hcighp of the liquid 
in the vessel, H 

16.20 cm 

6. 

Propeller speed range, n 

300 rpm to 1400 rpm 

7. 

Density of liquid, p 

1,000 gms/cc 

8. 

'^i'lscosity of liquid, p. 

0.9820 cp 


The ch '.ngo in the vroight of the system because of 
rotating the propeller at 1400 rpm is 275.00 gms (see Appendix 
II Run 17. ) . 


•p _ ax 


( 31 ) 


E =275 gms x x ^ ^ 

u 1000 gms „ ^2 1 


cm'^ _ 1 000 ms 


1.0 Kg 


1 min^ ^ 60x60 sec^ ^ 1 ^ 100 cm 

(1400)^ 1 min^ (6.0)^cm^ ^ 
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T? _ 275x 9.81 X 1000 x 60 x 60 x 100 q ^opn 

u “ lOOOx 1400 X 1400 x 6.0 x 6.0 x 6.0 x 6.0 

The Reynolds niMher calciilation as already been shown 
orrlier in this chapter. The Reynolds number at 1400 rpm is 
8.54 X lO"^. The values of Eulers nunber at different Reynolds 
number and at different heights of propeller from the base of 
vessel are shown in Table 17 Appendix VI. 

The data winch are taken by using distilled water 
solution are given in Appendix II. In run 1 and run 2 (Appendix 
II) the pressure is given at all the 13 points but from their 
onwards the value of pressure is given at 7 points only which 
covers the radius of the vessel at the base, in order to reduce 
the volumenous data. Eor the bigger vessel D=21.5 cm, the 
loressures were taken a,t 11 points on the vessel bottom but the 
pressure value, given in data, are only at 6 noint along a radius 
because of the same reason. Prom all these deta, the Eulers 
number, and at different Reynolds number, d^ and d^, 

1 3 

were calculated by the sane procedure as has been shown earlier 
(7.l). These calculated values are given in Appendix VI to IX. 



CHAPTER 8 


RESULTS AMD DISCUSSIONS 

8 • 1 Dopendenoe of Eulers Hujiber on Reynolds Hrmber ; 

Different curves were plotted between Eulers number 
“^nd Reynolds number by determining the local axial pressures 
over the vessel bottom and by directly weighing the vessel 
with the mixed charge. The curve tilotted by determining the 
local axial pressures over the vessel bottom are shown in 
Figures 10, 11, 12 and 13, and the ones by directly weighing 
the vessel are shown in Figures 8 and 9. From all these 
figures it was observed that Eulers humber is independent of 
Reynolds number and remains constant in region R§^ 10^. The 
above result is in agreement witn the findings of Hruby and 
Zaloudik [6] and Fort, Eslamy and Kosina [8]. The behaviour of 
Eulers number with Reynolds number in the field of Re <^1.0 x 10 
suggests that the zone is transitiona,!. This is also reported 
by Fovak and Rieger [10]. The laminar 2 onc could not be 
detected since it occurs at value of Re <[10 which could not be 
reached in the present ex-periment. 

8 . 2 Dependence of Eulers Humber on d/D and h/D ; 

From the dimensional analysis (3.4), it was shown thet 
Eulers number is a function of Re, d/D and h/D i.e. 

E^ = f(Ref,(d/D)',(h/D5') 


(27) 




-ig 8 -Dependence of Eu on Re for cylindrical vessel with 

baffles by weighing 
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7 , 


h = 3 0cm,d-79cm,D = 162cm 


oooOoocOo aA X 




• Distilled water 
X 50% aq glycerol 

^ 60%aq glycerol 
o Mustard oil 


h=1 0cm,d=79cm,D =16 2cm 
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where a,b, and c rre exponents, which can be estimsted fron 
the experimental data. Por the region Re> 10^ it was found 
out that Eulers nunibGr is independent of Reynolds number and 
hence considering this region i.e. Rc_J^ 10^ , we can rewrite 
the equation (27) as 

= C(d/D)^ ih/D)^ (35) 

where C is a constant. 

On plotting curves between Eulers number and h/D 
taking d/D as parameter (Eigure 14) following trends can be 
identified: 

8.2.1 On comparing curves P and Q or R and S, it can 
be observed th~'t Eulers number decreases with increase in the 
propeller diameter. For example the tank diameter in the runs 
corresponding to curves P and Q is same yet the Eulers number 
os represented by curve Q are consistently lower than their 
counterpart values given by curve P. The only change in the 
flow configuration is that a bigger propeller has been used 
for Q. This suggests that Eulers number is a function of 
propeller diameter as mentioned. 

8.2.2 The iulers number decreases with increase in h/D 
ratio upto some critical value of h/D and thereafter it 
remains constant with increase in h/D ratio. This is evident 
from Figure 14, curves P, Q, R and S. 

8.2.3 The critical value of h/D for smaller vessel is 
the same i.e. 0.2 irrespective of mixer dimensions. Thus, for 




Fig 14 -Dependence of Eu on h/D ratio 
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curvo r the tank diP'neter is 16,2 cm and the propeller diametei 
IS 6.0 cm while for curve Q than tank diameter is the same but 
the propoller diameter is 7.9 cm., yet the value beyond which 
Eulers number remains constant occurs for both the curves at 
one value of h/D, which is 0.2. In the sa.me way the critical 
value for curves R and S rest at h/D value of 0.3- In the 
latter ca.se only the tank diameter has changed. It can be 
interpreted therefore that the critical value of h/D beyond 
which Eulers number remains constant depends on the tank 
diomeier. Higher the vessel diameter, higher is the critical 
value of h/D, 

8.2,4 If the curves P and R or Q and S are superimposed 
on each otner as is done in Eigure 14, it can be easily seen 
th'^t beyond higher critical value of (h/D) the Eulers number 
rem'^ins same irrespective of the vessel die.meter. Thus beyond 
h/D value equal to 0.3 which is the higher h/D critical value 
Eulers number remains constant at 0.3 for the same mixer 
dimensions although the tank diameter is different ovoeves (P 
and q) . If the mixer dimension is changed sane trend is 
observed but in this case the Eulers number records a constant 
value at 0.19. This stabilishes tho.t beyond higher critical 
value of h/D, Eulers number is independent of vessel diameter D i 
and depends on the mixer dimension d. That is 
E = C d®’ 

[h/D > 


and D IS constant] 


( 36 ) 
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wherp C is s consts.nt and e, is exuoncnt. 

The findings could not be extended tocstabilish if d is 
involved in o dimensionless group because only two mixers of 
dimeter 6.0 cm and 7.9 cm were available. 

8.2.5 Below th'^ critical value of h/D, the Eulers 
number depen''"' s on h/D as well as d/D. It can be seen that 
curves, P, Q, R and S in figure 14 representing a semilog plot, 
are straight lines parallel to each other. This suggests that 
Eulers number decays exponentially ffith increase of h/D that 
IS 

B (37) 

u 1 

[h/D = 0.3 and d/D = 0.3674] 

The vrlues of and ’a’ can be eva^luated from the plots to 
give the following relntion: 

E = 0.58 (58) 

u 

The denendence of Eulers number on d/D can bo found out 
by plotting Eulers number against d/D on a log-log plot taking 
h/D as parameter as shown in Figure 15. 

E^ = (d/D)^ (39) 

[h/D <C (li/I>)critical constant h/D = 0.05] 

The values of A 2 ^ evaluated from the Figure 15, 

to give the following relation 

= 0.11 (d/D)~^*^^ (40) 

Finally, it can be written that below the critical value 
of h/D, the Eulers number depends upon d/D ^d£4|/D for the region 
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B.e'^ Bquctiun (55) can be written as 


E^=C(d/D)“^’^^ g-2.4(ii/D) 

where C is a constant and is function of h/D and d/D. 

Fort, Eslany and Kosina [8] found tha.t Eulers number 
is a function of h/D and is independent of d/D as well as d, 
thP’y found the equEition 


= 0.17^ (h/D)"°-^5 (42) 

d+ 

8.3 DependenCv^ of ^ on ^ > d/D and Res 

-j- 

It was found that d^ a.nd d^ depend upon h, the height 
of nropeller from the bese of the vessel for a given tank 
liameter. As the distance of the miixer from the base is increase 

4 - 4 * 

h IS increased, the d^ value increosos and value decreases 

and at one position of mixer d^ becoies equal to d^. In this 

case d)^ can be designated as (d)^) . At this condition the 

region of negative pressure at the vessel bottom disappears. It 

has been found that the rn.tio (d^l") /D fluctuates from 0,66 

1 max' 

to 0.74 as hes been shown in Table 8.1, but in most of the 
cases it remains constant at 0.70. On taking the srithmotic 
moan of {dt) „,^/D, it comes out to be 0.707, Therefore wc can 
hove the relation 

= 0.707 B = 

= Vd 


(43) 
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Port, Eslany and Kosina [8] also havo reported a similar 
limiting value of = 0.707 D for ii^ve not given 

the dimensionless value of (h/D) at which this equality hold 

U±cX^ 

Fron tne present experiments also, bcca,use of limiting 
information it could not be done. 

TABLE 8.1 


(dt) /D 

I'^nax' 

.722^ .722^ 

;-744^ 

, 698 ^ 

.690^ 

.746^ 

.698^ 

. 664^ 

.-'696' 

d/D 

.370 .488 

.279 

.367 

.370 

.488 

.279 

.367 

.370 


£5, Id 

Distilled water 50 per cent Aq. Glycerol 

‘^Mustard oil 

The noightof propeller from tlio bose of the vessel at 
corresponds to I't CQ.n be interpreted from the 

tables given in Appendix VI, VII, and IZ thrat below the h 

OSlX 

"f" 

vrlue depends upon the diameter oi propeller d as well as 
diameter of vessel D which can be written by use of dimensional 



wncre is a constant and b and c are exponents which c^^n be 
evaluated fron the curves by plotting d^/D versus d/D taking 
h/D as constant and vice versa as shown in Figures 16 and 17. 
The calculated values of b and c are 0.42 and 0.27 respectively. 
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On substituting these values '^nd evr lusting the 
constarit the final form of equation becomes 

1.25 (d/D)°-^2 for 

(45) 

It con be noted that the beh^riour of d^/D is below the 
critical value of (h/D) 

max 


8.4 Dependence of on h/D, d/D and Re: 


Prom the observations (Appendix VI to IX) obtained it 

was found that the values of and are considerablv 

1 ^3 

different when Che propeller was kept close to the base of 

the vessel and the difference in and reduces as the 

propeller height from the base of the vessel increases. The 

^bt being more than at lower value of h means that 

1 ^3 

it IS due to entrainment of liquid from the surroundings. This 


amount of entrainment decreases till and E^^ becomes more 

^1 ^3 

or less same. The total flow rate at the vessel bottom V,, is 

bt^^ 


more than the total flow rate up along the vessel wall suggests 
that all the volume of the liquid does not flow up but short 
circuits and recirculates in the propeller surroundings to be 
pushed down by the propeller. However with the increased value 
of h/D, streamline pattern gradually so stabilizes thCit all 
the liquid pushed down by the propeller after flowing along 
the bottom flows up along the wall, under these conditions value 
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of K, , decreases to airoroach the value of II -i. 

uij “ uij ^ 


It was also 


found that and values do not fluctuate much with 

^ ^ 4* 

change of the speed of the propeller for the region Re^ 10 . 


By the help of dimensional analysis, it is possible 


to find out the dependence of on h/D and d/D for the regio 

Re> lO"^. 




(46) 


where le a constant and a, b and c are exponents. 


As has been mentioned above that the K , has no effect 

bt. 

A 

of snepd in region Re')> 10 , the above equation i.e. 46 can be 


simplified to 




(47) 


where K 


bt avg ” average value of at different speeds. 


By plotting K, , avg against h/D taking d/D as parameter 


and avainst d/D taking h/D as parameter, the exponents 


and c can be calculated. These plots are shovm in Figure 18. 


The calculated values of b,c and Sive -0.188, -0.082 and 


0.0948 respectively. On substituting these values in Eqn. (47) 


we get 


K^^t^avg = 0-0949 (d/D)"^*00(ii/D)-0.082 


(48) 


A practical extension in terms of a comparison of K, 


or the volumetric flow rate with the pumping capacity of the 


propeller generating this flow would bo attempted, once the 



0 01 01 10 

h/D 

Fig 18 -Dependence of K^t-} on h/D and d/D 

ratio 
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li: can be seen from the above equation that as h/D 

decreases k, , ^ /k increases. This obviously is due to 
bt^avg p 

entrainment from the surroundings of the propeller, iis h/B 
ratio IS increased the entrained liquid from the surrounding 
decreases and the ratio of avg^^^p from Figure 19 , 

it follows that the total flow rate at the vessel bottom may 
be sTeller or larger than the volumetric mixer capacity in 
deoecdence on tie actual geometrical conditions. of the s^rstem. 
The larger total flow rate at the vessel bottom than the 
volometric capacity may be explained by the entrained or 
indiced flow which results from the momentum transfer between 
the liquid flow streaming from bee mixer blades and the medium 
s ur round mgs it. 

8-5 Equal Circulation of Fluid by Use of Draft Tube ; 

The essential condition for equal circulation rate of 
inco'nr.ressible fluid which is coming from the propeller surround 
mgs and then going up along the wall of the vessel, is to have 
equa"' flow area. In order to check the equal circulation of 
f liii 1 5 it was thought to use weighing procedure by rotating the 
propeller in clockwise and anticlockwise directions. On rotating 
the -oroT-ieller in clockwise direction, the fluid moves towards 
the C'ottom of the vessel, which gives rise to increase in weight 
of cie system. On the other hand, by rotating the nropeller 
in ? nticlockwise direction, the fluid moves upwards to the 
sur'^ace of the liquid and then clown along the walls which gives 
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rise to decrease in the weight of the system. There is a 
particular position for a given geometry of the system when 
the a,xial force acting downwards due to clockwise rotation of 
proneller becomes equal to the axial force acting onwards due 
to a.nticlockwise rotation of the propeller, ^'ives the condition 
of equal circulation of fluid. 

Draft tubes are usually used with axial impellers fco direct 
central the suction/or discharge streams. In order to achieve 
and check the equal circulation rate of fluid, a draft tube 
could be used whose diameter was taken more than the propeller 
diameter and less than the vessel diameter. Let us assume a 
draft Tube of diameter d^, which can give equal circulation of 
fl’iid. When control tubular area (flow towards the bottom at 
the plane of the propeller) was ."^ade equal to the annular area 
(flow’' along the walls), flow following expression was obtained; 


f (dp" = f (52) 

01 = D/l/'2 

The height of the draft tube h^ from the base of the vessel 
can also be calculated from the following equation 


or 


2” V h 


- d^ 
4 d 


h _ 

^d - 4 - 


D_ 

4T2 


( 55 ) 


/hen the draft tube was kept 1 cm from the base of the 
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vessel, it was noticed that in no case equal circulation was 
possible what-so-ever be the height of the propeller fron the 
base of the vessel. This is evident from Figure 20. On 
increasing the height of the draft tube to 2.9 cm which corres- 
ponds to D/4V'2, it was noticed that at h=7.0 cm equal circu- 
lation of the fluid occurred. This is shown in Figure 21. In 
this case the increase and decrease in the weights of the 
system by rotating the propeller clockwise and anticlockwise 
directions, are the same. 

When the height of the draft tube was further increases 
to 4,10 cm from the base of the vessel, it was found that at 
small values of h, the increased weight of the system was 
more than the decreased weight of the vessel. This situation 
occurred till h=5.0 cm and on further increase of h, the 
increased weight of the vessel was found to be less than the 
decreased weight of the vessel, when the propeller was rotated 
in clockwise and anticlockwise directions respectively. This 
IS shown in Figure 22. This equality of the weights occurred 
at a, propeller height of h=8.5 cm. On further increase of the 
draft tube height at 5.5 cm from the base of the vessel, it 
was seen that in no case equal circulation was possible wLat- 
so-ever be the height of the propeller from the base of the 
vessel. This can be seen from Figure 23. 

From all these findings it can be concluded that there 
IS a small region for the heighb of the draft tube and 
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corxes'-'ondiiigly the height of the propeller which gives 
equal circulation of fluid. The region of draft tube height 
frou tie vessel bottom is near and corresponding propelle 

height around 0.5 D which gives equal flow of the fluid. 



CHAPTER 9 


COHO nj SIGNS AFP RECOMMENDATIONS 

In the present work different fluids were stirred by a 
m&rxrv 3 prQpeIl,ler in, a flat, bo.ttom cylindrical tank, and 
following conclusions were draxmi 

^ 1. Of the two ways for measuring the Eulers 'number, 
one 'oy measuring the pressure distribution over the bottom 
of the vessel and the other by weighing the vessel, it wa.s 
observed that the weigMng procedure is more reliable and 
accurate than the pressure distri'bution measurement procedure. 
By tvoighing one can take the observations at a very low speed 
of nropeller of about 50 rpm and thus one can reach to lower 
Re.7iio3_ds number which is not possible by pressure measurements 

2. The Eulers number was found to be constant in the 

4 ^ 4 

region Re/ 1.0 x 10 and below the region Re -<^1.0 its value 
decreases. Its value decreases with increase of the propeller 
height from the base of the vessel upto some critical heighty 
■which deneiidslupon the diameter of the vessel and thereafter 
the value remains constant wmtn the increase in the propeller 
dianieier, the Eulers number value decreases. 

3. hith the increase of the propeller height from the 
base of the vessel, d^ increases and d^_decreases and at one 

+ -r- 

par'cicular position both of the-se values i.e. and become 
equal which corresponds to 0.707B. 
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4. At lower height of the propeller fron the base of 


th-^ vessel, was found to be more than and as tne 

1 3 

heigxit of the propeller was increased, both the values i.e. 


K 


bt 


and K 


1 


bt- 


become the sane. The volume of the liauid 


tra'^sported by tne propeller to the base of the vessel may be 
moie or less than the pumping capacity of the propeller depends 
upon the geometrical conditions. 

5. "Then a draft tube of given diameter, equal to D/V’2, 
was placed at a particular heig}it, equal to D/4V'2 froii the 
base of the vessel it was found that at certain height of 
uroocller, which is near 0.5b, equal circulation of fluid 
occurs. 


Recoiuaendations ; 

The study should be extended to generate more data with 
different dimensions of mixers to stablish the effects of h/D 
and also with different t^i^pes of axial and radial mixers. It 
would be interesting to repeat tne work by weighing procedure 
in Icr.iiinar rangf' i.e. Re <C 100, 
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i-PPENDIX I 


QHiiRACTERISTICS OP I'-IIAED SYSTM 


Physical Properties^ 

Qh-irge 


Density 

gns/cc 

Viscosity, 

cp 

Distilled water 


1.0000 

0.9820 

50 per cent Aqueous 
of Glycerol 

Solution 

1.1463 

5.4375 

60 per cent Aqueous 
of Glycerol 

Solution 

1.1933 

22.1053 

Mustard Oil 


0.9191 

62.8968 


^Conditions at both series of experiments: axial 
force component measurements by weighing and 
a-xial pressure distribution measurements on the 
vessel bottom 
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G-eometry 

D 

cm 

d 

cri 

d/h 

h 

cm 

h/D 

Range 

speed 

of rotational 
of propeller 
l/min 

16.2^ 

6.0 

0.3704 

1.0 

0.062 

300 

- 

1700 

16.2® 

6.0 

0 . 3704 

3.0 

0.185 

300 

- 

1700 

16.2^ 

6.0 

0.3704 

5.0 

0.309 

300 

- 

1600 

16. T 

6.0 

0.3704 

7.0 

0.432 

300 


1600 

16. 2®' 

7.9 

0.4877 

1.0 

0.062 

200 


1500 

16.2^ 

7.9 

0.4877 

3.0 

0.185 

200 

- 

1600 

16.2^ 

17. 9 

0.4877 

5.0 

0.309 

150- 

- 

1600 

16. 2®- 

7.9 

0 . 4877 

7.0 

0.432 

150 

- 

1600 

21.5^ 

6.0 

0.2791 

5.0 

0.233 

500 

- 

1400 

21.5^ 

6.0 

0.2791 

7.0 

0.326 

550 

- 

1500 

21.5^ 

6.0 

0.2791 

9.0 

0.419 

750 

- 

1500 

21.5^ 

6.0 

0.2791 

13.0 

0.605 

600 

- 

1500 

21.5^ 

7.9 

0.3674 

1.0 

0.047 

300 

- 

1400 

21.5^ 

7.9 

0.3674 

3.0 

0.140 

500 

- 

1400 

21.5^ 

7.9 

0,3674 

7.0 

0.326 

520 

- 

1400 

21.5^ 

7.9 

0.3674 

13.0 

0.605 

450 

- 

IdOO 


'""Conditions at both senes of exoeri lonts; axial force compo- 
nent measurements by weighing and. axial pressure distribution 
measurements on the vessel bottom 

^Conditions at the axial pressure distribution measurements 
on the vessGl bottom. 
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h = 5.0 cm 
d = 6.0 cm 
D = 16.2 cm 


Run 2 

^eed _ 
Radius 

450 

Pr - 

500 

Pr 

_ 600 __ 
Pr 

700 

Pr 

800 

Pr 

0.00 

0.70 

1.00 

1.00 

1.80 

2.20 

0.65 

0.70 

1.00 

1.20 

2.00 

2.50 

1.30 

0.70 

1.00 

1.80 

2. 60 

3.10 

1.95 

0.50 

1.00 

1.60 

2.70 

3.30 

2. 60 

0.40 

0.70 

1.10 

1.90 

2.50 

3.25 

0.30 

0.40 

0,50 

0.90 

1 . 00 

3.90 

- 0.10 

- 0.10 

- 0.10 

- 0.40 

- 0 . 50 

4.55 

- 0.20 

- 0.30 

-^.30 

- 0.70 

- 0 . 90 

5.20 

- 0.20 

- 0.30 

- 0.30 

- 0.90 

- 1.00 

5.85 

- 0.20 

- 0.40 

- 0.40 

- 0.80 

- 0.90 

6.50 

- 0.20 

- 0.20 

- 0.20 

- 0.50 

- 0.60 

7.15 

0.30 

0.40 

0.40 

0.70 

0.80 

7.80 

0.40 

0.60 

0. 60 

1.10 

1.50 
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RTJN 5 

h, = 1.0 cm ; 

d = 7.9 

cm ; 

D = 16.2 cm 


Speed 

Radius 

400 _ 
Pr 

„500_ 

Pr 

700 

Pr 

800 

Pr 

1000 

Pr 

- 



0.00 

0.50 

0.80 

1.15 

1.55 

2.70 



1.30 

0.60 

1.00 

1.40 

1.85 

3.50 



2.60 

0.80 

1.40 

2210 

2.70 

5.40 



5.90 

0.30 

0.50 

0.75 

1.00 

2.00 



5.20 

0.00 

-0.10 

-0.10 

-0.15 

-0.20 



6.50 

0.00 

0.00 

0.10 

0.20 

-0.75 



7.80 

0.25 

0.55 

0.90 

1.25 

2.60 




h = 3.0 

cm ; 

d = 7. 

9 cm 

; D = 16.2 

cm 


RUN 6 








^peed 

Radius 

500 

Pr 

6oo 

Pr 

700 

Pr 

800 

Pr 

_ ^00 _ 1000_ 
Pr Pr 

1100 

Pr~ 

1200 

Pr 

0.00 

0.50 

0.80 

1.10 

1.35 

1.80 2.00 

2.50 

2.90 

1.30 

0.70 

1.20 

1.50 

1.75 

2.20 2.50 

3.20 

3.50 

2.60 

0.90 

1.50 

2.00 

2.50 

3.10 3.70 

4.50 

4.85 

3.90 

0.35 

0.70 

0.75 

0.80 

1.05 1.50 

1.70 

2.15 

5.20 

0.00 

-0.25 

-0.30 

-0.50 

-0.65 -0.70 

-0.80 

-1.00 

6.50 

0.00 

-0.50 

-0.30 

-0.40 

-0.40 -0.40 

-0.50 

-0.50 

7.80 

0.40 

0.50 

0.80 

1.00 

1.70 1.90 

2.80 

2.90 
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APPE'DIX X 

TABLE 49t DBPSl^PPPOE OF BPLPRS IWiBPR QX h/D 


d7D=0.4877 

d/D=0, 

3704 

d7D=0.3674 

d/D=0. 

2791 

h/D 


hTc 

E 

u 

h/D 


h/f 

\ 

0.062 

0.26 

0,062 

0.39 

0.047 

0.34 

0.047 

0.57 

0.123^ 

0.22 

0.123'^ 

0.35 

0.140 

0.27 

0.140^ 

0.54 

0.185 

0.20 

0.185 

0.32 

0.326 

0.23 

0.233 

0.36 

0.247^ 

0.16 

0,247 

0.30 

0.512'^ 

0.14 

0.326 

0.30 

0.309 

0.19 

0.309 

0.30 

0.605 

0.18 

0.419 

0.25 

0.370*^ 

0.20 

0.370^ 

0.29 

- 

- 

0.512*^ 

0.30 

0.432 

0.20 

0.432 

0.30 



0.605 

0.30 


TABLE 50; DEPBjJ BBl CZ OB EULEIS UmBElt OX d/L 



h7D=0.05 

'h/D=0.10 

h/D=0.20 

d/D 

s 

u 

d/D E 

u 

d/D 


0.4877 

0,27 

0.4877 0.233 

0.4877 

0.198 

0.3704 

0.42 

0.3704 0.368 

0.3704 

0. 310 

0.3674 

0.34 

0.3674 0.295 

0.3674 

0.250 

0.2791 

0.53 

0.2791 0.470 

0.2791 

0.394 


Values not mentioned in Appendices 
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T^-ILE 51; DEPEi'TDl'"CS OF d^/D on h/D 



d7D =0.4877 

d/D=0 

.3704 

d7D=0.3674 

d/D=0 

.279] 

h7^ 

atT® ■ ' 

h/D 


h/D 

dJ/D 

h/D 

dj/l 

0.19 

0.58 

0.19 

0.46 

0.14 

0.49 

0.23 

0.4S 

0.25 

0.64 

0.25 

0.58 

0.33 

0.60 

0.33 

0.51 

« — 1 

• 

o 

0.64 

0.31 

0.59 

0a6l 

0,70 

0.42 

0.55 

0.37 

0 . 65 

0.37 

0.60 

- 

- 

0.61 

0,74 

0.43 

0.72 

0.43 

0.63 

- 

- 

- 

- 



0.49 

0.72 






TABLE 52: DEPEITDEIGE OF d^/D OF d/D: 


h/D=1.0 

o 

11 

1 

.4 

h/D 

=0.3 

d/D 

d+/D 

d/D 

d^/D 

d/D 


0.4877 

0.90 

0.4877 

0.70 

0.4877 

0.65 

0,3704 

0.80 

0.3704 

0.63 

0.3704 

0.58 

0,3674 

0,80 

0.3674 

0.63 

0.3674 

0.58 

0. 2791 

0.71 

0.2791 

0.55 

0.2791 

0.51 


TABLE 5'3 : DEBBi'JDLrCE OE K 


027 ia/D A2TD d/D: 


bt^ average 


d7D=0.4877 

d7D=6.3704 

d7D=0. 

2791 

h/D=0 

.30 

h/D 

"^t^av 

h/D 

bt^av 

h/D 

■^bt^av 



0.047^ 

1.206 

0.062 

0.772 

0.062 

0.438 

0.4877 

0.376 

0.233 

1.113 

0.185 

0 e 668 

0.247^ 

0.365 

0.3704 

0.670 

0.419 

0.970 

0.309 

0.737 

o 

• 

o 

0.368 

0.2791 

1.060 

o 

• 

o 

1.121 

0.432 

0.658 

0.432 

0.384 

0.0000 

0.000 


TABLE 54: DEPENDEl'CE OF av^^'^p 


d/D=0.4877 

d/D=0.3704 

d/D=0 

.2791 

P- 

/ 

O 

* 

,20 

h/D 

^t^av 

h/D 

^t^av 

h/D 

""St-j^av 

d/D 

^t^av 

K 

- -b-. - 

K 

b 

K 

b 

K 

b 

0,062 

0.751 

0.062 

1,384 

O.OAl^ 

2.263 

0.4877 

0.69 

0.309 

0.631 

0.185 

1.196 

0.233 

2.088 

0.3704 

1.23 

0.432 

0.659 

0.309 

1.320 

0.419 

1.820 

0.2791 

2.00 

— 


0.432 

1.178 

0.605 

2.103 


0.00 


Values not mentioned in the Appendices 


